Abstract -The differential diagnosis of Parkinsonism based on clinical features, sometimes may be difficult. Diagnostic tests in these cases might be useful, especially magnetic resonance imaging, a noninvasive exam, not as expensive as positron emission tomography, and provides a good basis for anatomical analysis. The magnetic resonance spectroscopy analyzes cerebral metabolism, yielding inconsistent results in parkinsonian disorders. We selected 40 individuals for magnetic resonance imaging and spectroscopy analysis, 12 with Parkinson's disease, 11 with progressive supranuclear palsy, 7 with multiple system atrophy (parkinsonian type), and 10 individuals without any psychiatric or neurological disorders (controls). Clinical scales included Hoenh and Yahr, unified Parkinson's disease rating scale and mini mental status examination. The results showed that patients with Parkinson's disease and controls presented the same aspects on neuroimaging, with few or absence of abnormalities, and supranuclear progressive palsy and multiple system atrophy showed abnormalities, some of which statistically significant. Thus, magnetic resonance imaging and spectroscopy could be useful as a tool in differential diagnosis of Parkinsonism.
The Parkinsonian syndrome or parkinsonism (PK) correspond to clinical signs of rigidity, bradykinesia, tremor, and postural instability, and the presence of two of them is required to define probable PK, and one of these two signs must be tremor or rigidity. The PK is classified as primary, secondary, atypical or plus, and hereditary 1, 2 . The accurate diagnosis may be difficult based upon clinical signs, especially at early stages, and in some cases only after the performance of neuropathological studies it could be possible to define the diagnosis [3] [4] [5] [6] [7] . It is important to determine this due to the different prognosis, pharmacotherapy, and epidemiological analysis 8, 9 . Magnetic resonance imaging (MrI) and spectroscopy by MrI (Mrs) are noninvasive tools helping the physician to establish a more accurate diagnosis. MrI offers an adequate analysis of abnormalities in the basal nuclei, midbrain, pons, medulla, and cerebellum, which are impaired in atypical PK [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . We selected patients with diagnosis of PK and analyzed the usefulness of neuroimaging (MrI and Mrs) in the differential diagnosis of this condition.
method
We designed a prospective, case-control, double-blind, 24 months study. The MrI was performed in a Ge machine, 1.5 Tesla sigma Horizon model, the sequences analyzed were T 1, T 2, flair, diffusion, axial-oblique in T 2 in Fast spin-echo (Fse) and Proton Density (PD) and T 2 in spin-echo (se). In addition to 5 mm slices, we included 3 mm slices in the lentiform nucleus. The Mrs was single voxel (8 cc), Press technique (Tr/Te=1500/50) bilaterally in lentiform nucleus, midbrain, white matter of frontal lobe and hippocampus.
Informed consent was obtained from all patients or their immediate relatives, and the study was approved by the ethics Committee of the institutions involved.
Forty individuals were included in this study (age range: 50 to 85 years), 30 with Parkinsonian syndrome and 10 without any neurological or psychiatric disorders. Four patients were excluded, two due to cerebrovascular disease showed in MrI, and two related to technical problems during MrI.
All individuals were examined by the same neurologist, and 26 patients met the criteria for probable Parkinson's disease (PD) [n=10], (Gelb et al. 24 ), progressive supranuclear palsy (PsP) [n=10], (Tolosa et al. 25 ), and multiple system atrophy-parkinsonian type (MsA-P) [n=6], (Gilman et al. 26 ). For clinical assessment, the scales adopted were Hoehn-Yahr stage 27 , unified Parkinson' s disease rating scale (UPDrs) Part III 28 and mini-mental status examination (MMse) 29 . The patients performed the Tilt Table test for evaluation of dysautonomia.
The indication for MrI was the same for all individuals: "parkinsonism", so that the radiologist did not know the actual diagnosis.
The variables in MrI were: anteroposterior diameter of the medulla, pons, midbrain and fourth ventricle, transverse diameter of lateral and third ventricles, presence of cerebral and/or cerebellar atrophy, and signal abnormalities in white matter, lentiform, midbrain, pons and medulla, linear posterolateral hypersignal in lentiform nucleus, and transverse signal in the pons.
Mrs was performed bilaterally on white matter of frontal lobe, lentiform nucleus, midbrain and hippocampus. We used the N-acetyl aspartate/creatine (NAA/Cr) and N-acetyl aspartate/choline (NAA/Cho) relation. The value adopted was the mean of both white matter from the frontal lobe and the hippocampus, and the contralateral relation of the most affected side on the lentiform and midbrain, and when there was symmetry, the mean was obtained.
Statistical analysis
For quantitative variables the statistical analysis adopted was student's t-test or the Mann-Whitney test, and for qualitative the X2, Fisher and Mantel Haenszel. There was statistical significance when p value was <0.05.
results
The clinical variables that did not show differences statistically significant among the three groups were: age, disease duration, and sex (Table 1) . Patients with PsP presented lower scores in MMse, followed by MsA-P and PD, and there was statistical significance in the three groups comparing to controls (PD p=0.046; MsA-P p=0.002, and PsP p=0.0004) ( Table 1) .
Image variables demonstrated cerebral atrophy in all cases of PsP and MsA-P, having statistical significance in PD versus PsP (p=0.001), PD versus MsA-P (p=0.006), controls versus PsP (p=0.011), and controls versus MsA-P (0.043). Cerebellar atrophy was more common in MsA-P and PsP, with statistical significance in PD versus MsA-P (p=0.043), controls versus PsP (p=0.034) and controls versus MsA-P (p=0.010). We observed a higher prevalence of white matter alterations in atypical PK with no statistical significance. signal change in the lentiform nucleus was observed more commonly in MsA-P and PsP, but no statistical significance was documented (Figs 1-3) .
The posterolinear increased signal in the lentiform nucleus was demonstrated only in the MsA-P and PsP groups, presenting statistical significance when compar- Dysautonomia was documented in 20% of PD and 100% of MsA-P.
In the motor scales (UPDrs and Hoehn and Yahr), the results showed higher scores in PsP and MsA-P than in PD. There was statistical significance in PD versus MsA-P (Hoe- ing PD versus MsA-P (p=0.03), and controls versus MsA-P (p=0.03).
signal changes in the midbrain were more commonly observed in PsP, and in MsA-P in the pons, with statistical significance in midbrain (p=0.0015).
The quantitative variables detailed in Table 2 demonstrated that some measurement of brainstem and ventricular system had statistical significance to differentiate atypical PK and PD/control group. The measurements that revealed statistic significance according to region and groups were:
Midbrain -PD versus PsP (p=0.002), PD versus MsA-P (p=0.012), controls versus PsP (p=0.002) and controls versus MsA-P (0.010).
Pons -DP versus PsP (p=0.012), PsP versus controls (p=0.007) and MsA-P versus controls (p=0.01).
Medulla -DP versus MsA-P (p=0.041), PsP versus controls (p=0.008) and MsA-P versus controls (p=0.001).
Lateral ventricles -PD versus PsP (p=0.041) and controls versus PsP (p=0.045).
Third ventricle -DP versus PsP (p=0.015) and PsP versus controls (p=0.009).
Fourth ventricle -DP versus PsP (p=0.037) and DP versus MsA-P (p=0.024). Table 3 and some reduction showed statistical significance:
The values of Mrs are related in
NAA/Cr in the lentiform nucleus -PD versus PsP (p=0.049) and PsP versus controls (p=0.036).
NAA/Cr in the hippocampus -PsP versus control (p=0.0007). NAA/Cho in the midbrain -PsP versus MsA (p=0.028) and PsP versus control (p=0.046).
discussioN
The increase of life expectancy results in a raise of degenerative disorders. PD is one of the most common neurodegenerative disease (followed by Alzheimer disease), as epidemiological studies show in the literature 30 . Parkinsonian signs may be seen in different medical conditions, having variable course, treatment and prognosis so it is important to determine an accurate diagnosis as soon as possible 8, 9 . Based only in clinical data, especially in the early stages of the disease, physicians may not establish a correct diagnosis [3] [4] [5] [6] [7] .
The accuracy of clinical diagnosis of PK is variable, in PD ranging from 76% to 90%, and in others PK the accuracy is even lower [3] [4] [5] [6] [7] . one study conducted in a movement disorders specialized center, showed that the positive predic- Naa, N-Acetyl aspartate; Cr, creatine; Col, choline; Naa/Cr in the lentiform nucleus, PD versus PsP controls (p=0.049) and PsP versus controls (p=0.036); Naa/Cr in the hippocampus, PsP versus control (p=0.0007); Naa/Col in the midbrain, PsP versus MsA (p=0.028) and PsP versus control (p=0.046).
tive value of PD was 98.6%, and to atypical parkinsonism 71.4%, confirming that the diagnosis of atypical PK, even in specialized centers, is sometimes difficult to establish 7 .
some diagnostic tests could be useful for the differential diagnosis of PK, and MrI is one of the most important [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . our objective was to determine the usefulness of MrI and Mrs in a PK group, based on well known imaging aspects according to the subtype of PK, assessing which variables had statistic significance in these groups.
We included the three PK that most frequently lead to misdiagnosis: PD, MsA-P, and PsP, all compared to control group. The criteria used to clinical diagnosis was the most specific, as showed in the literature [24] [25] [26] .
We used three clinical scales: motor part of UPDrs, Hoehn and Yahr and MMse [27] [28] [29] . These scales showed increased motor impairment (higher scores in UPDrs and Hoehn-Yahr) in the MsA-P, followed by PsP, and increased cognitive impairment (lower scores of MMse) in PsP, followed by MsA-P. We did not observe a correlation between the duration of the symptoms with Mrs abnormalities, but with the clinical diagnosis of patient.
MrI variables demonstrated that some are helpful to differentiated PK syndromes, as the presence of cerebral and cerebellar atrophy and signal enhancement of some encephalic structures (lentiform nucleus, midbrain and pons), more common in atypical PK.
The decreased signal enhancement in the lentiform nucleus may be observed in normal aging, so in our study we only considered it as "abnormal" if the hypointensity was moderate to severe 15, 31 . our data showed that moderate to severe decrease hypointensity in lentiform nucleus was observed more frequently in MsA and PsP, with no difference between PD and control groups and when it was associated with posterolateral linear hypersignal in putamen, suggested the diagnosis of atypical PK (more frequently in MsA group).
The most useful measurement of encephalic diameter in our study was the midbrain, as it had been shown by Warmutth et al. 18 . values below 15 mm in the midbrain suggested PsP or MsA-P, with lower values seen in PsP. some values of Mrs had statistical significance, the most useful were from the lentiform nucleus, hippocampus, and midbrain, depending on the diagnosis, indicating a severe neuronal impairment (neuronal death). There are few studies in which the brainstem is evaluated by Mrs, due to technical difficulties (bone proximity). In our study we demonstrated that it is feasible, but we had to repeat the exam, in some cases several times, to achieve a consistent chart. The study done by Watanabe et al. 23 demonstrated the usefulness of Mrs of the pons in MsA patients. As the midbrain is the most affected area in PsP, we analyzed it by Mrs. We have found NAA/Cho decrease in midbrain of PsP group with statistical significance, indicating neuronal loss.
Based on our data we concluded that: (1) Patients with PsP and MsA-P presented increased motor and cognitive impairment in the scales used, correlating with decrease in NAA/Cr in lentiform nucleus and NAA/Cho in midbrain in the PsP group; (2) Cerebral and cerebellar atrophy were more prevalent and severe in PsP and MsA-P groups; (3) linear hypersignal in the lateral portion of the putamen, hypersignal in midbrain and in pons, all suggest the diagnosis of PsP or MsA-P; (4) Midbrain or pons atrophy suggests atypical parkinsonism, the former PsP, and the latter MsA-P; (5) Comparing the two methods, MrI and Mrs, the former had better applicability.
our study showed that anatomical analysis through MrI and Mrs of some areas could be useful in the differential diagnosis of PD and atypical PK, helping physicians to establish a more accurate diagnosis of PK.
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